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"a Me&od for Manufacturing Propylene unae 



(54) [ Titie of the Invention 1 
(57) [ Sumtaary 1 

' ""'l^'oW » eccodci ^ for highly ,e>«dv. n.a„ufac«« of p«.„l»c 
oxide without co-products. 

'^"C-eo^i,ohU..a^n..rc»^.ofp.p.^.J^^ 
oxygen, usihg a catalyst comprising a Group vro n,eul from th. penod. 

crystalline titanosilicate. 



[ Claims ] 

[ Claim 1 1 . ^ u * 

A method for manufacturing propylene oxide, which is characterized by the fact 

that a reaction of propylene, hydrogen, and oxygen is brought about using a catalyst 
comprising a Group Vffl metal froih the periodic table and a crystalline titanosilicate. 

( Detailed Description of the Invention ] 
[0001] 

[ I^d of Industrial Utilizadon ] 

The present invention concerns a method for manufacturing propylaie oxide, 
which serves an important role industrially as a starting material for polypropylene 
glycol and the like. 

[0002] 

[Prior Art] . 

Known methods for manufacturing propylene oxide include the chlorohydnn 
process, wherein calcium chloride is produced as a byproduct, the Halcon process, 
wherein t-butyl alcohol and styrene mononiers are co.produ<»d, and a peracetic acid 
proceiss, in wHch acfetic add is co-produced* 

A method wherein a hydroperoxide is used as an additional starting matenal and 
a cfystsiline titandalicate is used as a catalyst is also known (see, for example, US 
Pateht 4,833,260). 

[0004] 

[ Problems Which the Invention Is Intended to Solve 1 

Btowever, in the above-mentioned chlorohydrin process, the chlorine was 
utilized ineffidehtiy since dehydrochlorination witii a lime emulsion was subsequentiy 
perf0rined, arid the large amounts of calcium chloride produced as a by-product 
reqiiiied treatment. In the Hsacon and perai»tic add processes, an assured market for 
the large arhounts of coproducts was required, and processes involving the use 
hydropero)ddes required equimolar or greater amounts of high-cost- bydroperoxidw. 
posing problems of economy.- 



2 



[00051 

It was therefore desirable to devdop a Mghiy selective method for 
manufacturing epoxy compounds, which would not produce co-products and would not 
entail the use of high-cost hydroperoxides as startmg materials. 

[00061 

[ Means Used to Solve the Above-Mentioned Problems ] 

As a result of painstakihg research conc^g the above, the inventors 
discovered that by bringing about a reaction of propylene, hydrogen, andox^^en usmg 
a catalyst comprising a Group vm metal from the periodic table and a «y^« 
titaho^cate. propylene oxide could be obtain^ with high selectivity, and thus amved 
at the presfeht inventibn, 

r QQ07 1 

S«6iflc3lly, .he present invention oflte a inethod for manu&ctuting propylene 
oade, .rhich is dmacterized by tl.e feet that aVeaetion of propylene, hydiog«. and 
oxyjen is btotight about using a catalyst comptiflhg a Group VM metal ftom the 
poiodic uBe and a crystalline Stanosilicate. 

r QOOg 1 

Tta n«thod which pertaiM to the preset invention «iU be descriW in ftmhet 
detail bdow. 

r QQQ9 1 

b the mahod which pertains to the present invention, a catalyst compisin» a 
aom^rain«ial torn the periodic table and a crystalline titanosificate is The 

fiWafiBate reftoed to here is obtained by subsdmtion of a portion of the altcon 
wUt* ft*»B the crystal latSce of "Silicalite- (crystalline SiOi having a «oIUe 
structure, developed by E. M. Flanigen (Namre, 271, 512 (1978)) mainly wtth 
dtaaiuft. llietitanosilicate may be synthesized by any desired method: an «an.ple of 

s^ U disclos^l in Japanese Uid-Open Patent AppUcation 5^96720. . IKe «.ount 
of tilaldurh cohiained in said tiianosilicate may be defined as the silica/titama ratio 
(n«,lar), and said silica/titania ratio should be avalue of 5 to 200. If ^ 
content is too tow the activity of the catalyst will be insufficient; conve«ely, it .s too 
high the titanosilicate crystal structure will rupmre: Components of the utanosihcate 
are not restricted to titanium; one or mote additional elements such as boron. 



aluminum, phosphorus, vanadium, chromium. manga»«e. i»n. glUum. or xi«o,uum 
may also be conoined therein without ill effect. 

' 'the prepared d,anos,li,:ate may be used without modificadon. or molded. It is 
commoh ,0 use . binder when preparing a molded form; there are « restncBons 
„5^i te type of binder, which may be silica, alumina, or the like. 

I the method which pertains the present invendon. a cajalys. com^a 
vm metal from the periodic table and a crystals li.an<»U«le » 
T!f tt,e Group vm metals may be used as the abo»^m«to«l CSroup VM .««L 

^ include palladium, piadnum. W-^-- 
Z palladium U parti^Oarly desirable. The Group vm metal "I^" . 

^^staliihe dtanosiUcate. or first supported on silica, alumina. ^-"^^ " 
and then physically mixed with the dtanosilice. Tl>e,e »» ^J^^T^ 
Lici*.*^ regarding the starting material to be supported whett 
vm metal; examples include paHadiumOD chloride. tettSammmepalladramOT 
aide, m palLsumOD acetate when palladium is used. Tl«* are no res,ncu«s 
the S for supporting these metals on the dtanosilicate; an tmmers.™. 
method or the like may be used. 

' m periodic table Group vm metal content, with respect to the .ianosito», 

. Ffficacv will be diminished the content 

should be 0.1 to 10 wt« as metal atoms. BBcacywiu PS uu 

MS below 0.1 wt*. and amounts in excess of 10 wt« are undesttable fto^ 

st^^point. mea the periodic table Group VM "^JT^^^V, 
dtanosUi^ using an immersion process, the catalyst may ^^^""^ 
mor to use. Baliig may be performed under a stream of an meit gas or an oxygen 
rJLTgas. vL L no panicular res«icions regarding baidng '^9^^ 
~ ba^g a. 1» .0 700.C for 30 minutes to 24 hours is s^^^^^ 

^.cfiod is pe.«>«nea. -here are no pardcular restr>caons regardmg ^^l^' 
or the r^lucdon temperance and duradon as long as the -"^ comport 
auction -wom temperatureto 500-C for 30 minutes to 24 hours usmg hydrogen as 
a reducing agent is satisfactory. 
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f 0013 1 

me prepared catalyst may be used without modification or by adding a dHuent 
such as silica or alumina prior to use in reactions. The prepared Group vm metal- 
supporting zeoUte catalyst may be reduced under a hydrogen^ntaining gas flow pnor 
to use in reactions. 

^ If nece^. a solvent may be used when brining about a leactioii. Polar 
solvents such as water, alcohols having a carbon number of 6 or less, ketones, glycols, 
and carboxylic acids may be used as solvents. 

' The reaction process may be of a continuous flow, semi^batch, or batch type; a 
continuous flow process is preferable from a productivity standpoint 

^ The reaction temperature should be 0 to 150«C. and preferably 10 to lOOX. If 
a solvent is to be used and the reaction temperature exceeds the boiling point of said 
solvent, the reaction may be brought about after pressurization. There are no particular 
restrictions regarding the reaction pressure, but it is ordinarily within the range of 
normal pressure to 200 atmospheres. 

[ 0017 1 

In the metiiod which pertains to the present invention oxygen is used as one of 
me starting materials for the reaction. It is possible to use an oxygen-contammg gas 
such as air. 

f 00181 

mere are no particular restrictions regarding the amounts of the several startmg 
materials contained in the gas. [A mixmre of] 10 to 50 vol% propylene (C3H.) 5 to 
40 vol% hydrogen (Hi), and 5 to 50 vol% oxygen (C). for example, is possible. 
From the standpbint of safety, it is desirable for the contained amounts of the s^eral 
starting materials to be outside of the explosive range. \Tii^ gaslmay be diluted with 
an in^ gas such as hydrogen. 
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r 0019 1 

The amount of the catalyst used in the reaction may be determined on the basis 
of the latio (molar) of the titanium within the titanosilicate to one of the startmg 
materials, propylene, that is suppUed per unit of time; it is desirable to use an amount 
of the catalyst such that the titanium/propyiene ratio is 0.00001 to 0.1. 

^ The time required for the reaction may be determined on the basis of the gas 
[hourlyl spice velocity (the total volume of the C,H,. H,. O:. and inert per 
L/^t^talyst volume; hereinafter abbreviate A GHSV of 2000 to 

40.000 hri (2d*C) is satisfectory. 

[0021] 

(Merits Of the Invention] m«Th 
In the present invention, it is possible to obtain propylene oxide with high 
selectivity, without coproducts, and without the use of high-cost hydroperoxides by 
means o/brihing about a reaction of propylene, hydrogen and oxygen usmg a catalyst 
comprising a Group VTH metal from the periodic table and a crystalhne txtanosilicate. 
and the invention is therefore highly significant to mdustry. 

[00221 

r Practical Examples ] ^ i 

Tte pwent iavention v«Jl be d«cribed in ftttther d«aU bdow Uuough pracoc^ 

exaaplcs! however, these are tawded merely co describe the present invention, which 
is not Bmited to these practical examples. 

Practical Esiample I -^K^Tru 
A tioiwsiHcale havint a silica/tilania ratio of 67 (as determined by ICP 

specmmetry) was prepared according to the method in Japanese 
X^on 56-9CT20, »k1 a tetraamminepalladium(II) chloride soluaon '^'""t^^ 
Jghtof the palladium atoms reached 0.5 wt% with respect to the titari^dica^. THe 
nnxtuie was mixed by stirring for one hour, evaporated to dryness, and reduced at 
150'C under a daute 5 « hydrogen gas flow for one hour to yidd a catalyst. 
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/ A nonnal p»ssu„, liquid pt-se, condnuous flow action device was used fbr 
the reaction. 

^ I 0 g of the catalyst was suspended i« 60 mL 1-butyl alcohol, and C,a, &. 
,«i O, s»p#!i*d thereto a. 60, 40, and 40 nunol/hr respeefivdy. and dUu.^ 

nitrogen so Aat GHSV was 7970 hr- (20-Q. The reaction temperature was 45 C. 

' m reaction product was analyzed by gas chromatography. Results ov« a 
period from initiatioh otthe rtacdon to 5 hours thereafter are shown in Figure . 
sictivity of the products « the fifth hour after initiation of the reactum was 98.69S 
fbt propylene oldde and l.4« for propane (CjHri. 

t 

(00261 

Practical Examples 2 and 3 . . i c i 

Reactions were brought about by the same procedure as in ^f^^' ' 
with the e«i^on that CH.. H„ and O. were supplied in «nounts of «. 80. 
Zom »766, 40 and 80 mmolflir respectively. Results five hours after uut^uon of 
the reactions are shown in Table 1. 

[00271 
[Table 1 1 





Starting Material Feed 
rmmol/hr) 


P0*> 
(mmol) 


Selecti 


vity(%) 


CsHg 






PO»> 


C3H8 


Practical 
Example 2 


60 


80 


40 


0.67 


92.0 


8.0 


Practical 
Example 3 




40 


80 


1.83 


99.1 


0.9 



*>Propylene oxide 



'"^^Zl^l.^ about by the sa.e procedure as in Prac.cal E^ple I. 
with the™ that catalysts . which .e weight of .e pailadiu. a..s^^^ w^th 
respect to thTtitahOsiUcate were 2 and 5 wt% respecuvely were used. Results five 
hours after iiiitiition of the reactions are shown in Table 2. 

[0Gi281 
[Table21 



»)Prdpylene oxide 





Supported Pd 
(%) 


P0*> 
(nunol) 


SelecdviiyW 




CjHg 


Praciical 1 2 


0.45 

• 


99.1 


0.9 


Practical 
Example S 


5 


0.37 . 


>99.9 

• 


a. 



Practical Examples 6 through 9 . „ ^ „i cvomnie i 

^ft tt« aceitioa that . tita»»ffica« tavi« . sU^^ 
rn^K-Trespecdvely. five hours ate initiation of *e «ca»s « 



shown in Table 3. 
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[00291 
[ Table 3 ] 





ReactiP9 
CO 


PO*> 
(mmbl) 


Seleaivity(ft) 






Practieal 
ExMpie 6 


25 


1.51 


98.8 


1.2 


Practical 


45 


2.16 


98.8 


1.2 


Prac?i#4 


65 


1.37 


98.1 


1.9 


Pracdc^ 
Exampic 9 


82 


1.06 

i 


983 


1.7 



*)Proj>ylene oxide 



Practical Example 10 

A reaction was brought about by the same procedure as in Practical Ewmpie i . 
with the exception that a titanosilifiate having a silica/titania ratio of 33 was used as the 
ntahosilicate supporting the palladium, and water was used as a reaction solvent Five 
hours after initiation of the reaction, 1.56 mmol propylene oxide was obtamed^ 
Selecti^ity of the products at the fifth hour after initiation of the reaction was 99.8% 
for propylene oxide and 0.2% for propane. 

[00301 

Practical Examples 11 and 12 ^ 

Reactions were brought about by the same procedure as in^ractical Example 
. ^th4heexception that catalysts in. which titanosflicate havtag a siUcaMtama tatio of 13 
supporting the metals palladium and platinum (supported % « 0.5 wt%;), resptt^tively, 
were used. Results five hours after initiation of the reactions are shown m Table 4. 



[0031] 
[ Table 4 ] 




^ tbc ««ftio. a« . pulverized n»t«ie of 1 g of a 0.5 wt% palladiu^-suppomng 

^„^<^ Pivehounaftoinitiafionoffte reaction, If^'J^^^ 
oadewasobJed. Selectivity of the products at me fifth hour atom..auon of the 

naction was 99.8% fbt prowrlene oxide and 0.2% for propane. 
( Biief Sesciiptioa of the Hgines 1 

' ^'""ViL 1 shows a graph describing .he relationship between elapsed time and 
propyll^ productiT^ the pn,pylene epoxidation process of Pracucal Example 

1. 
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[ Figure 1 1 




Elapsed Tune/hr 
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